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Speed of gravity 

Constrains the Mass of the Graviton.

Constrains Modified Dispersion Relations.

Constrains Gravitational Lorentz Violation.

Gravitational Parity Violation  

Size of large extra dimensions 

Final State Conjecture

Strong-Field Screening

[Yagi, et al, 2004]

[Alexander & Yunes, Physics Reports 2009,  
Loutrel, Yunes & Tanaka 2018]

[Yunes, Pretorius & Spergel, PRD 2010, 
Yagi, Takahashi & Tanaka, PRD 2011]

[Sampson, et al PRD 2014]

[Dreyer, et al 2004, Berti, et al 2005,  
Huang, et al 2017]

[Yunes & Siemens, Living Reviews in Relativity 2013]

What can we learn? A theoretical physics classification
[Will 1998]

[Mirshekari, et al 2011]
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EMRIs

Final State Conjecture through QNMs, graviton mass, modified dispersion.

Kerr Hypothesis via GW geodesy, strong equivalence principle.

Dipole emission, variability of fundamental constants.

SMBH Mergers

Stochastic Backgrounds

Multi-Band Sources

What can we learn? A source-driven classification

Cosmological modified gravity, cosmic strings 



YunesLISA Reveals April APS Meeting ‘18 !5

The Parameterized post-Einsteinian Framework



YunesLISA Reveals April APS Meeting ‘18 !5

[Yunes & Pretorius, PRD 2009]

h̃(f) = h̃GR(f) (1 + ↵fa) ei�f
b

The Parameterized post-Einsteinian Framework



YunesLISA Reveals April APS Meeting ‘18 !5

[Yunes & Pretorius, PRD 2009]

h̃(f) = h̃GR(f) (1 + ↵fa) ei�f
b

[Cornish et al PRD 84 (’11), Sampson et al PRD 87 (’13), Sampson, et al PRD 88 (’13),  
Sampson et al PRD 89 (’14), Yunes, Yagi & Pretorius (’16), 

 and many, many others…see Yunes & Siemens Living Reviews in Relativity]

The Parameterized post-Einsteinian Framework
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Final State Conjecture Tests: Quasi-Normal Modes
[Berti, et al CQG ’09]
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[Berti, et al PRL ’16]
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months
<0.1 secs

Multi-Band Events
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106 times better than 
current bounds!!
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LISA can see very far 
• great to constrain effects that accumulate with propagation distance, 
• great to constrain cosmologically screen modified theories

LISA can see very massive compact objects 
• great for precision tests of the final state conjecture

If it bleeds,  
we WILL kill it!

For more details see:  
Yunes & Siemens, Living Reviews in Relativity or  
Berti, Yagi & Yunes, recent GRG review paper.

Conclusions

LISA can see tiny compact objects falling into supermassive ones 
• great for precision tests of the Kerr hypothesis through GW geodesy

LISA can see early inspirals that will merge later in the LIGO band 
• great for precision tests of the strong equivalence principle
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[Yunes, Yagi, Pretorius, PRD ’16]
Dynamical 
Timescale

Extreme 
Gravity Tests

eXtreme Gravity = Strong + Dynamical!
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Modeling Modifications to Einstein’s theory

Case Study: Massive Gravity

[Will, PRD 1998,  Will & Yunes, CQG 2004, Berti, Buonanno & Will, CQG 2005, Mirshekari, Yunes & Will, PRD 2012]

Special Relativity tells us that for 
a propagating massive particle

GWs emitted close to merger travel faster than 
those emitted in the early inspiral.

GW Phase is sensitive to  
the GW frequency x GW travel time

Massive graviton effect accumulates with distance travelled.
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